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11 INTRODUCTION 
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1.11 SCOPE 

Thiss thesis is concerned with soil erosion in West Europe, with emphasis on the 
agriculturall  environment. It contains a number of studies which focus on soil 
erosionn resulting from the action of raindrop impact and overland flow. These 
studiess relate to research carried out in the period 1992-1999: 

(a)) Research of overland flow and soil loss from loess soils in South Limburg 
(Thee Netherlands). 

(b)) Research on erosion in the Rhine basin, the sediment supply to the river 
Rhinee drainage network and the impact of climate change on these 
processes. . 

Thoughh both studies deal with soil erosion and sediment transport, the interest is 
completelyy different. 

Thee first study was initiated by the Province of Limburg with the main aim to 
reducee soil erosion and related damage in the loess region of Limburg. The 
researchh therefore focused on designing and optimising erosion control 
measuress and on the development of a tool to predict the effects of different 
configurationss of erosion control measures in the landscape. I t is concerned with 
thee 'traditional' spatial scale in soil erosion research, the experimental plot, and 
withh the scale of the small catchment without a permanent channel. 

Thee second study is part of a compound research project, which aims at 
assessingg the impact of climate change on the hydrology of the Rhine basin and 
itss sediment budgets. The ultimate goal of the overall study is to evaluate and 
anticipatee the consequences of climate change for water management in the 
Netherlands.. The part of this study which is included in this thesis, investigates 
thee contribution of soil erosion on hillslopes to the suspended sediment loads in 
thee channel network of the river Rhine for present-day and future climate and 
landd use conditions. This study is a major challenge, because it deals with the 
difficul tt combination of a very large area and the small scale at which the 
sedimentt supply processes work (the hillslopes and the first-order catchments). 
A nn important part of this study deals with the conveyance of the sediment 
mobilisedd by soil erosion on the hillslope to the permanent stream network. This 
iss an area of research which has received much less attention than soil erosion on 
thee individual hillslope. Most research on soil erosion by water has focused on 
ril ll  and interrill erosion processes acting on the plot or hillslope scale at sites with 
agriculturall  land use. As a result, there is a fair amount of experimental data 
availablee at these scales, which were used to feed the development of detailed, 
physically-basedd soil erosion models. Similarly, the science of river 
sedimentologyy is well developed and much is known about the suspended 
sedimentt load in rivers. Still, there remains a considerable gap in our knowledge 
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ass how to connect these two research areas. Such knowledge is required to 
understandd and model the source, transport and fate of sediment and sediment-
associatedd contaminants in the surface waters. 

1.22 A I M OF T H E THESIS 

Byy bringing together these two different soil erosion studies, this thesis aims to: 

a)) improve the understanding of the effects of soil conservation measures 
andd climate change on soil erosion and its related processes 

b)) identify seasonal patterns in the occurrence of overland flow and soil 
erosionn in West Europe and the relationship with seasonal patterns in 
sedimentt supply from hillslopes to stream channels. 

Speciall  attention wil l be paid to the bottlenecks concerning the modelling of soil 
erosionn and sediment supply to surface waters on the large river basin scale. 
Similarr studies at the scale of the Rhine basin do not exist. An important 
problemm in this respect is the validation of large scale erosion models for which 
thee output support is not in correspondence with that of the available field data. 

1.33 RELEVANCE AND BACKGROUND 

Impactss of soil erosion 

Thee studies included in this thesis have their origin in the need for finding 
answerss to practical questions concerning soil erosion and its impacts. They 
providee evidence for the large interest and concern of local and national 
authoritiess for soil erosion and related problems. 

Soill  erosion has geomorphological, pedological, ecological, social and 
economicall  impacts. The soil is a natural resource which can be considered non-
renewablee on a historical time scale. Soil erosion is one of the major causes of its 
degradation.. Indeed, the most essential function of the soil is food production. 
I nn this light, erosion control is an indispensable element of any sustainable 
environmentall  policy. 

Inn many parts in the world, in particular the semi-arid areas, arable land is wasted 
byy erosion forcing farmers to abandon their land. In the temperate climate zone, 
on-farmm consequences are generally less severe. In West Europe, the short term 
effectt of erosion on crop yield, although evident (e.g. Bollinne et al, 1978; 
Schoutenn et al., 1985), is not of primary concern. In general, the off-farm effects 
off  erosion are considered more annoying and comprise: 

 damage to infrastructure works (the sewerage system, waterways, bridges, 
storagee ponds), public roads, houses and gardens, cars 
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 decreasing water quality in the streams due higher sediment, nutrient and 
pesticidee concentrations 

 impacts on ecosystems downslope and in the valleys, which receive this 
pollutedd water 

Theree is a strong link between the occurrence of heavy erosion and flooding 
events.. Erosion is directly depending on the occurrence of overland flow, which 
addss to the peak discharge of streams. Measures that reduce erosion may 
thereforee as well be helpful in reducing the peak discharge in streams and 
floodingflooding problems. The awareness of the necessity of taking action against 
erosionn goes hand in hand with the occurrence of severe events and with the 
severityy of the resulting damage. 

Inn the following two subparagraphs, the background of the two principal studies 
off  this thesis is discussed as well as their major aims. 

Backgroundd of part I : Soil erosion in Dutch South Limburg 

Rainfall-inducedd accelerated erosion causes land degradation as well as off-site 
damagee resulting from flooding and sedimentation. In the Netherlands, serious 
waterr erosion is restricted to the loess soils in South Limburg. This is the only 
hill yy area in the Netherlands with soils that are susceptible to water erosion. 
Damagee affects a hilly area of 40,000 ha of loess soils. In 1987, the Provincial 
authoritiess issued regulations to the effect that measures must be taken to reduce 
on-sitee and off-site effects of soil erosion. (Provinciale Staten van Limburg, 
1987).. In 1991, the Province of Limburg initiated the so-called 'Erosion 
Normalisationn Project South Limburg' in which the Department of Physical 
Geographyy and Soil Science of the University of Amsterdam (UvA) participated. 
Thiss project was finished in 1994. 

Thee project aimed at the development of a framework in which soil and water 
conservationn measures can be judged for conditions in South Limburg. The 
researchh was divided into field studies and a simulation study. The simulation 
studyy yielded a model called LISEM (the Limburg Soil Erosion Model) that was 
usedd as a tool to estimate effects of erosion control measures in specific 
catchments.. With the model, several scenarios with different erosion control 
optionss were tested and compared. The University of Utrecht and Winand 
Staringg Centre carried out the simulation study. A significant part of the field 
studiess was carried out by the UvA in order to: 

 collect data for input and validation of LISEM 

 gain insight into processes of overland flow generation, their seasonal 
variationss and related soil erosion on arable land 

 determine the effects and the efficiency of several soil conservation measures 
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Thee fieldwork included measurements of overland flow and soil loss from small 
agriculturall  catchments, and measurements on experimental field plots with 
differentt cropping systems and grass filter strips. In this thesis, the findings of 
thiss research are presented in the form of four papers, three of them published 
andd one submitted (Chapter 2). 

Backgroundd of part II: the sediment supply system in the Rhine basin 

I nn 1993, the UvA joined the National Research Programme on Global Ai r 
Pollutionn and Climate Change with a subproject on the impact of climatic 
changee on suspended sediment supply to the drainage network of the river 
Rhine.. A first research phase (NRP-1) was carried out by Van der Drif t and 
Kwaadd (1995) and comprised an inventory of suspended loads of discharge from 
thee main tributaries of the river Rhine and a research on the relationship 
betweenn the soil structure stability and temperature. 

AA second phase (NRP-2) with duration of two-and-a-half years finished in 1999. 
Mainn objectives of this project were: (1) identification and mapping of the 
landscapee units that constitute the sediment supply subsystem of the Rhine 
basin,, (2) a quantitative assessment of the factors that control the sediment 
supplyy to the river network, and (3) the quantification of the impact of climate 
changee on the rate of sediment production in the sediment supply subsystem. 
Thee research has lead to a spatially distributed model for the sediment supply to 
thee stream network under current conditions as well as under changed 
environmentall  conditions. 

Thee work of this project was published in Van Dijk and Kwaad (1998a,b,c and 
1999).. The latter report has served as a basis for Chapter 3 of this thesis. 

1.44 O U T L I N E OF T H E THESIS 

Thiss thesis is compiled from several published papers about the research in 
Southh Limburg (Chapter 2) and a reworked published scientific report about soil 
erosionn and associated sediment supply in the Rhine basin (Chapter 3). 

Inn section 2.1, results of soil erosion measurements in six zero-order agricultural 
catchmentss are presented and analysed. Different modes of runoff generation 
forr summer and winter are identified and the implications for soil erosion 
modellingg and soil conservation measures in South Limburg are discussed. 
Sectionn 2.2 is devoted to different cropping systems and their impact on small 
scalee erosion processes. Based on measurements on experimental fields, the 
effectss of tillage techniques, crop residue and crop coverage on overland flow, 
splashh erosion and soil loss are analysed. A distinction is made between their 
effectss during the growing and the winter season. Many effects of the cropping 
systemss on soil erosion are due to their impact on the state of the soil surface. 
Sectionn 2.3 deals with the effects of tillage and conservation cropping systems on 
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surfacee roughness and the depression storage capacity of the soil surface. The 
lastt section of Chapter 2 (section 2.4) discusses the use of grass strips as a 
potentiall  soil conservation measure for South Limburg. On the basis of a series 
off  experiments in the field, the efficiency of grass strips in filtering sediment 
fromm overland flow is determined. 

Chapterr 3 starts with an introduction about the Rhine project and the concepts 
forr a sediment supply model (section 3.1). The input data for this model are 
derivedd exclusively from existing data, amongst which digital maps of elevation, 
soill  and land use. These available data are described in section 3.2. The next 
sectionn (3.3) describes the model which was selected to quantify the sediment 
supplyy from hillslope to channel and the derivation of the necessary input maps 
onn the basis of the available existing data. Section 3.4 contains a sensitivity 
analysiss of the model. Modelling results for present climate and land use 
conditionss are presented in section 3.5. The next section (3.6) deals with an 
evaluationn of the model, in which the model's process descriptions, the quality of 
thee model input, and the quality of the output are discussed. In section 3.7, the 
modell  is used to assess the impact of climate and land use changes on the supply 
off  sediment to the river Rhine drainage network. The final section of Chapter 3 
containss the conclusions of this study (section 3.8). 

Thee final chapter (4) evaluates some issues related to erosion on hillslopes and 
thee subsequent transport and delivery to streams channels. It identifies those 
partss of the sediment supply system that need special attention in further 
researchh and difficulties that are specific to large scale assessments, like the scale 
off  the large river basin or the global scale. 


